Abstract Salpichlaena is a distinctive fern genus characterised by 2-pinnate climbing fronds with indeterminate growth. The number of species in the genus has been a matter of debate. Taxonomic studies are made difficult by within-frond variability in pinna morphology and size, and by herbarium material being incomplete. We systematically documented 62 morphological traits in 283 herbarium specimens and sequenced 52 Salpichlaena and 11 outgroup specimens. DNA sequences included plastid genes (rbcL, rpoC1 and rps4), intergenic spacers (rps4-trnS, trnHpsbA and trnG-trnR) and a nuclear gene (pgiC). Phylogenetic analyses based on the plastid markers divided the samples into six major clades. We recognise the three deepest clades as distinct species (S. hookeriana, S. papyrus sp. nov. and S. volubilis), and each of the four shallower clades as a subspecies of S. volubilis. Furthermore, we suggest that a group of specimens, placed into different clades in the plastid and nuclear trees and showing mixed morphological characters, represent a fourth species of hybrid origin (S. hybrida sp. nov.). The most important diagnostic characters are: degree of lamina reduction in fertile pinnules; pinna/pinnule apex incisions, pinna/pinnule margin thickness and lamina texture in sterile pinna/pinnules; presence or absence of foliar buds; shape of scales; and the appearance of the abaxial surface of the lamina (uniform or with stomata on small white protuberances). Each of the four species can be identified by several diagnostic characters, and their geographical ranges are broad and partly overlapping. In contrast, the subspecies are mostly allopatric and their morphological limits are diffuse.
INTRODUCTION
Blechnaceae is a sub-cosmopolitan fern family with about 267 species. The latest classification of the family (De Gasper et al. 2017 ) divided it into three monophyletic subfamilies:
1. Woodwardioideae, with 15 species and a largely northtemperate and amphioceanic distribution; 2. Stenochlaenoideae, with about 12 species in three tropical genera (including Salpichlaena J.Sm.); and 3. Blechnoideae, with about 239 species especially in the southern hemisphere but also in north-temperate regions (De Gasper et al. 2016) .
Within the subfamily Stenochlaenoideae, Salpichlaena has been resolved as sister to the clade formed by Stenochlaena and Telmatoblechnum Perrie, D.J. Ohlsen & Brownsey (De Gasper et al. 2017) .
Salpichlaena is a neotropical genus that occurs from Nicaragua to Bolivia, throughout Amazonia and the Atlantic coastal rain forest, and in the Lesser Antilles (Tryon & Tryon 1982) . Adult plants are characterised by indeterminately growing twining rachises, which give the plants a climbing habit and make it possible for the fronds to reach up to the height of 15 m in the forest canopy. This highly unusual habit is only shared by one other fern genus, Lygodium Sw. (Tryon & Tryon 1982) . Frond complexity in Salpichlaena increases during ontogeny: small juvenile plants produce simple fronds and larger juvenile plants 1-pinnate fronds, with each frond generally being longer (and having more pinnae) than the preceding one, until the plant is old enough to produce climbing indeterminately growing 2-pinnate fronds (Tuomisto & Groot 1995) . According to Robbin C. Moran (pers. comm.) , adult plants in Central America may intermittently produce 1-pinnate fronds between the 2-pinnate ones, but we have not observed this phenomenon in Amazonia.
Only the 2-pinnate fronds produce fertile pinnae, and these can be either monomorphic or dimorphic. If dimorphic, the fertile pinnules are narrower than the sterile, with the degree of fertile pinnule contraction depending on the species (Smith 1995) .
The first species of Salpichlaena was described in 1824 as Blechnum volubile Kaulf. (Kaulffuss 1824) and transferred in 1841 to the new genus Salpichlaena as S. volubilis (Kaulf.) J.Sm. (Smith 1841) . A second name, Lomaria volubilis Hook., appeared in 1860 (Hooker 1860) and was changed to Spicanta hookeriana by Kuntze in 1891 (Kuntze 1891) . Later on, Alston (1932) transferred the species to Salpichlaena as S. hookeriana (Kuntze) Alston. In 1990, A.R. Smith made a new combination, S. lomarioidea (Baker) A.R.Sm., based on Blechnum volubile var. lomarioidea Baker (Smith 1990 ), but later he treated this as a synonym of S. hookeriana (Smith 1995) . The most recent species described in the genus is S. thalassica Grayum & R.C.Moran (Moran 1990 ).
The number of taxa recognised within the genus Salpichlaena, as well as their delimitation and appropriate taxonomic rank, has been controversial. Different authors have given different taxonomic significance for the observed morphological variation. Some have recognised 'geotypes' (Vareschi 1969) or varieties (Baker 1870 , Smith 1990 ) within broadly defined species. Tryon & Tryon (1982) denied the validity of Lomaria volubilis (S. hookeriana) even as a form and accepted only a single species. Murillo (2001) came to the same conclusion based on morphological investigation of Colombian material, and attributed the morphological variation to climatic and edaphic conditions. Giudice et al. (2008) (elevation of occurrence and length of the petiolule of the basal fertile pinnule) were not consistent, and consequently synonymized this name under S. volubilis.
A pervasive problem for taxonomical studies on Salpichlaena is the morphological variability found in the herbarium material due to the climbing habit and indeterminate growth of the 2-pinnate fronds. Pinna size and morphology vary along the rachis and possibly also directly in response to height from the ground and/or light conditions in the forest canopy (pers. obs.). It is in practice impossible to collect an entire climbing frond, so herbarium material of Salpichlaena is almost always incomplete, and usually the label provides no information on the relative position of the preserved pinnae. Obviously, the non-climbing fronds would fit on a herbarium sheet, but they are never fertile. Since most collectors avoid gathering sterile material, the non-climbing fronds are poorly represented in herbaria. Consequently, specimens in herbaria are generally represented by one or two pinnae taken from an undefined part of the climbing frond, which complicates comparative taxonomic work. Such discrimination against non-climbing fronds is unneces sary, since our experience is that climbing and non-climbing fronds can usually be identified to species equally well: sterile pinnae have similar scales as well as similar lamina texture, margins and apices whether they are climbing or not.
As a complementary tool for traditional taxonomic methods, quite a few molecular methods for species delimitation have been developed (e.g., Doyle 1995 , Brower 1999 , Puillandre et al. 2012 , Zhang et al. 2013 ). These take into account genetic relatedness and thereby can provide a more objective way than visual inspection to establish species boundaries.
Here we combine morphological and molecular methods: 1. to establish the delimitation among and number of species or other taxa in the genus Salpichlaena; 2. to propose a phylogenetic hypothesis for the evolutionary relationships of the taxa; and 3. to provide a key to the species.
MATERIALS AND METHODS

Morphological studies
We measured 62 morphological traits on 283 Salpichlaena specimens, and studied 1 074 specimens deposited in AAU, CAY, INPA, K, P, TUR, US and USM herbaria (all herbarium acronyms according to Thiers, continuously updated) . We observed the shape of fronds, pinnae and pinnules as well as their margin and apex type, lamina texture, lamina dimorphism and presence of foliar buds. We measured the fronds, pinnae, pinnules, petioles, petiolules and scales with a ruler and a caliper. We used the stereoscope and microscope to observe and measure scales, hairs, stomata and spores. In addition, to infer the distribution and range of morphological variation within the taxa, we studied more than 1 000 specimens from the digital collections of several herbaria (AAU, ALCB, AMAZ,  BHCB, BM, CAY, CR, CVRD/VALE, F, FLOR, FURB, HUEFS,  INPA, K, LE, MO, NY, P, RON, SP, SPF, UC, UEC, US, USM  and Z). Digital images of BHCB, BM, CR, LE, MO, SPF, UC and  Z herbaria were provided by the curators; ALCB, CVRD, FLOR 
Molecular studies
Laboratory procedures
We used herbarium material as well as silicagel dried material for DNA extractions (Table 1) . Total genomic DNA was extracted from 52 Salpichlaena and 11 outgroup specimens (Table 1 ). For the extractions we used E.Z.N.A. SP Plant DNA Kit (Omega Bio-tek, Doraville, Georgia) following the protocol for dry samples or NucleoSpin Plant II kit (Macherey-Nagel, Germany). Polymerase chain reaction (PCR) amplifications were executed using PuReTaq Ready-To-Go (PCR) Beads (GE Healthcare UK Limited). PCR was used to amplify the plastid genes rbcL, rpoC1 and rps4, and plastid intergenic spacers rps4-trnS, trnH-psbA and trnG-trnR, and the nuclear gene pgiC. The PCR tubes contained approximately 32 µl of solution composed by 25 µl of ddH 2 O, 1 µl of each primer and 5 µl of the extraction template. PCR primers and protocols are detailed in Table 2 . Purification and sequencing of the PCR products was done by Macrogen Inc. (Seoul, South Korea). Sample information and GenBank accession codes are listed in Table 1 . The final data matrices and the resulting trees are available in TreeBASE (study number TB2:S22278).
Phylogenetic analyses
We used PhyDe version 1.0 (Müller et al. 2010) to examine the DNA sequences, to compare forward and reverse chromatograms and to edit them. The sequences were aligned with default parameters using MAFFT version 7.149 (Katoh & Standley 2013) . We then used Bayesian Information Criterion to select the best model for each marker using jModelTest-2.1.10 (Darriba et al. 2012) . Since variation in sequence length is generally considered to be phylogenetically relevant information (e.g., Giribet & Wheeler 1999 , Simmons et al. 2001 performed simple gap coding (Simmons & Ochoterena 2000) to the aligned sequences using SeqState 1.4.1 (Müller 2005 (Meier et al. 2006 ). However, conflict was observed between the trees of plastid and nuclear markers and the nuclear pgiC was analysed separately. Final trees were inferred as above, except that for pgiC 5 000 000 more generations were run in order to achieve convergence. The first 25 % of trees were discarded as burn-in and a 50 % majority rule consensus tree was calculated from the remaining trees. FigTree v. 1.4 (Rambaut 2006 (Rambaut -2012 was used for editing the tree.
Molecular species delimitation
We applied two molecular species delimitation methods to our chloroplast dataset to investigate putative species boundaries within Salpichlaena. First, we analysed the aligned sequences using Automatic Barcode Gap Discovery (ABGD; Puillandre et al. 2012 ) on the webserver (http://wwwabi.snv.jussieu.fr/public/ abgd/abgdweb.html). This method assumes that the degree of sequence divergence is larger between than within species, and that the interspecific sequence divergence range does not overlap with the intraspecific divergence range, resulting in a barcode gap in pairwise differences between individual sequences (Puillandre et al. 2012) . We detected barcode gaps separately for each molecular marker using an intraspecific prior divergence ranging from P = 0.001 to P = 0.1, the default proxy for the minimum gap width X = 1.5, and applying the Kimura 2-Parameter evolution model (Kimura 1980) . Outgroup sequences were excluded from the alignments before the analyses. ABGD allows recursive partitioning in which the initial partitions can be further split if an additional barcode gap is detected inside the partition (Puillandre et al. 2012 ). This generally results in a higher number of putative species and poorer match with established taxonomies (Puillandre et al. 2012) . We therefore ignored recursive partitioning here and only consider the initial partitions. In addition, we applied a Bayesian implementation of the Poisson Tree Processes model (bPTP) to delimit species boundaries based on a phylogenetic input tree and the number of substitutions on its branches (Zhang et al. 2013 ). This method assumes that the number of substitutions is significantly higher between species than within species. We used the tree obtained from a combined analysis of five plastid markers as input tree and ran 200 000 MCMC generations in the bPTP webserver (http:// species.h-its.org/ptp/) with a thinning value of 100 and 15 % burn-in.
RESULTS
Molecular phylogenetics
The alignment of the combined plastid markers consisted of 3 950 base pairs. The resulting phylogenetic tree shows a well supported Salpichlaena as sister to a well supported clade formed by Telmatoblechnum and Stenochlaena (Fig. 1) . Within Salpichlaena, the tree shows six major clades with high support. We recognise the three deepest clades at species level: S. hookeriana, S. papyrus sp. nov. and S. volubilis. Within S. volubilis, we recognise the four distinct clades at subspecific level: subsp. amazonica subsp. nov., subsp. crenata subsp. nov., subsp. thalassica stat. nov. and subsp. volubilis ( Fig. 1 ).
Our nuclear phylogenetic tree is generally very poorly resolved, but it shows S. hookeriana, S. volubilis subsp. amazonica and S. volubilis subsp. thalassica as well-supported clades. Salpichlaena volubilis subsp. crenata, S. papyrus and S. volubilis subsp. volubilis remain unresolved (Fig. 2) . A set of specimens that are unresolved within S. hookeriana in the plastid tree are nested in a single clade with high support within S. volubilis subsp. amazonica in the nuclear tree. We propose that these specimens represent a new species that has emerged from a single hybridization event between S. hookeriana (the maternal parent) and S. volubilis subsp. amazonica (the paternal parent), and recognise this taxon as S. hybrida sp. nov.
Morphology
We found that the most useful characters to differentiate Salpichlaena species and subspecies are: degree of foliar dimorphism, apical incisions and texture of the lamina, margin type, shape of the scales on the abaxial axes, presence or absence of foliar buds, and the appearance of the abaxial surface of the lamina. A single character is typically not enough for reliable identification, but two or three characters in combination usually are.
Salpichlaena hookeriana and S. papyrus differ from S. volubilis and S. hybrida by having strongly serrate apices in sterile pinnae and pinnules (Fig. 3) . Apices are entire in S. hybrida and S. volubilis, although in some subspecies of S. volubilis they can be crenate or even slightly serrate (Fig. 3) . Because serration is generally less obvious in fertile pinnules, S. papyrus is most reliably distinguished from S. volubilis on the basis of sterile pinnules. Salpichlaena papyrus differs from all other species in that the scales on costulae, costae and rachises are either broad and resemble crumpled paper or are ovate with small or no appendices ( Fig. 4d ). In the other species, scales are more slender and have long appendices.
Although we did not find clear-cut differences between the S. volubilis subspecies, we found some character combinations that usually identify them.
Fronds, pinnae and pinnules of subsp. amazonica and subsp. thalassica have cartilaginous margins and entire or almost entire apices with a few small, sometimes serration-like teeth that are limited to the cartilaginous margin and do not cut into the lamina tissue (Fig. 3d, f) . These subspecies have also chartaceous to coriaceous texture and generally broader sterile pinnules (2.4 -8.6 cm) than the other taxa (1.2 -5 cm). Under the stereoscope, subsp. thalassica can usually be differentiated from subsp. amazonica by the location of the stomata on small whitish protuberances of the lamina, whereas in S. amazonica the abaxial side of the lamina looks uniform ( Fig. 4e -f ).
The key characters to differentiate S. volubilis subsp. volubilis from the other taxa are the entire frond/pinna/pinnule apices ( Fig. 3g ), herbaceous lamina texture, and lack of cartilaginous margin in sterile pinnae (in fertile pinnae, both the lamina and the margin are slightly thickened). Salpichlaena volubilis subsp. crenata has crenate ( Fig. 3e ) to slightly serrate pinnule apices, but in contrast to subsp. thalassica and subsp. amazonica, the incisions cut through the only slightly cartilaginous margin to the lamina.
In accordance with its postulated hybrid origin, S. hybrida shares characters with both S. hookeriana and S. volubilis subsp. amazonica. The length and width of pinnae in the 1-pinnate non-climbing fronds are similar to those in subsp. amazonica, but S. hybrida has a more herbaceous lamina texture. In contrast, pinnules in the 2-pinnate climbing fronds of S. hybrida resemble more the pinnules of S. hookeriana in size, texture and shape, but the pinnule apices are entire in the former and serrate in the latter.
Species delimitation analyses
The number of species delimited by ABGD varied depending on the molecular marker and the prior maximum intraspecific divergence (P) that was used ( (Fig. 1c) .
DISCUSSION
The phylogenetic position of Salpichlaena as sister to the clade formed by Telmatoblechnum and Stenochlaena in our tree is congruent with the current understanding of the evolutionary history of Blechnaceae (Lehtonen 2011 , Perrie et al. 2014 , De Gasper et al. 2017 ).
Based on our results, we suggest a new classification for Salpichlaena: it contains four species, one of which has four subspecies. Out of the formerly described species, we accept two, S. hookeriana and S. volubilis, at the species rank, but place S. thalassica at the subspecific rank within S. Jones et al. 2006 Jones et al. , 2008 . Here we recognise all three at the species rank. They are morphologically distinct and the fact that they form well-supported clades in the plastid phylogeny despite overlapping distributions in Amazonia suggests that they are independent evolutionary lineages. Furthermore, the species delimitation analyses were mostly congruent at this level: both ABGD and bPTP invariably supported S. hookeriana as distinct species, and almost always recognised S. papyrus.
A group of specimens from the Guyana shield was found to have some morphological characters of S. hookeriana and others similar to S. volubilis subsp. amazonica. We were able to sequence some of these specimens, and they consistently grouped together with S. hookeriana in the plastid phylogeny but were nested as a clade within S. volubilis subsp. amazonica in the nuclear pgiC tree. Based on this, we suggest that they represent hybrids between the two taxa. Because the chloroplast genome is maternally inherited in ferns (Gastony & Yatskievych 1992 , Vogel et al. 1998 , we consider S. hookeriana as the maternal progenitor and S. volubilis subsp. amazonica as the paternal progenitor. Interestingly, the proposed hybrids seem to be absent from most of Amazonia where the putative parent taxa co-occur. The distribution of the three species only Table 3 The number of species delimited using aligned sequence matrices and ABGD with prior maximum divergence of intraspecific diversity ranging from 0.001 to 0.1.
overlaps in northern Brazil and in the Guianas, which may be the area where the original hybridization took place. Unfortunately, we have not been able to study the morphology or viability of the spores, as none of the physical specimens we have had access to was fertile.
The S. volubilis clade is a taxonomical challenge. The specimens vary morphologically and different molecular species delimitation analyses gave different suggestions on how to split it. The ABGD delimitation split this clade differently for each molecular marker, and none of these delimitations was congruent with the bPTP delimitation, which split the clade into four species (Fig. 1b -c) . However, the four clades recognised in the plastid consensus tree received high support. Mostly we found these four clades allopatric and morphologically distinguishable, but specimens with intermediate characteristics were found especially in the areas where two clades meet. Such behaviour is considered typical for taxa of subspecific rank (Mayr 1942 , Patten 2015 . (2001) based her conclusion on the variability of characters and on the measurements of pinnae and pinnules. Although we agree that Salpichlaena is morphologically highly variable, we find characters like foliar dimorphism, incisions of pinna and pinnule apices, and shape of scales consistent enough to be used to delimit morphologically cohesive groups. The fact that these correspond with groups identified by molecular markers further supports treating them as different taxa.
Moran (1990) originally described S. thalassica on the basis of blue-green fronds, the occurrence of the species on higher elevations and the long stalks of the basal fertile pinnules. Giudice et al. (2008) disagreed with the significance of these characters and pointed out that the length of the basal fertile pinnule stalk did not correlate with the elevation when viewed over a larger geographical extent. In addition, since they could not observe the colour differences in herbarium material, they did not find support for separating S. thalassica from S. volubilis.
We did not have an opportunity to make a systematic study of frond colour in the field, and since herbarium specimens invariably loose their original lamina colour, we are unable to confirm whether the colour is a diagnostic character. The length of the petiolule of the basal fertile pinnule seems not to be diagnostic: it differs little between subsp. thalassica (up to 1.7 cm) and the other taxa (up to 1.5 cm).
Given that Grayum & Moran in Moran (1990) focused on specimens from Costa Rica and Panama, it seems clear that they were comparing S. volubilis subsp. thalassica with S. papyrus. Hence, we agree with their original conclusion that there are two distinct species in the area. However, they happened to describe as a new species the one we consider to be distinct from the type of S. volubilis only at the subspecies level.
We agree with Giudice et al. (2008) that important diagnostic characters to differentiate S. hookeriana from S. volubilis are foliar dimorphism and presence of foliar buds. They also mentioned the appearance of the costal scales, which we found to be useful to distinguish S. papyrus (whose scales are more generally formless and resemble crumpled paper) from all the other taxa (whose scales are lanceolate to ovoid and always have long appendices). Giudice et al. (2008) also mentioned that S. hookeriana can be differentiated from S. volubilis by the presence of glandular hairs on the abaxial surface of the costa, but we have observed microscopic hairs more often in S. volubilis subsp. thalassica and subsp. amazonica than in S. hookeriana.
A major obstacle for Salpichlaena taxonomy is that herbarium specimens tend to be incomplete. Althought it is unpractical to collect an entire climbing frond, it is important to collect both sterile and fertile material. The taxon-specific diagnostic characters are, for most Salpichlaena taxa, much more obvious in sterile than in fertile pinnae. Therefore, sterile specimens (including those consisting of non-climbing fronds only) can usually be identified all the way to the subspecific level, but specimens consisting of fertile pinnae only are more difficult to identify. Habitat & Ecology -Primary lowland rain forest. Grows in poorly drained areas including palm swamps, near creeks and less often near paths. On brownish sandy and clay soil. Altitude 50 -700 m. Notes -Salpichlaena hookeriana is unique within the genus in the nearly complete absence of laminar tissue in fertile pinnules. Serrate apices of the sterile pinnae and the presence of foliar buds differentiate it from S. hybrida and S. volubilis. Foliar buds are common on climbing fronds and occur at the base of the pinnae and sometimes at the base of pinnules. They are more frequent in sterile than in fertile pinnae. Foliar buds have also been seen in S. papyrus, but only rarely. The non-climbing fronds of the S. hookeriana can be separated from the co-occuring S. volubilis subsp. amazonica by smaller size and higher number of pinnae.
TAXONOMIC TREATMENT Salpichlaena
The clearly serrate pinna/pinnule apices is a character that S. hookeriana shares with S. papyrus but not with the other species. The sterile fronds of these two species can be differentiated by the scales: in S. hookeriana, scales are lanceolate and have long appendices, whereas in S. papyrus they are formless and resemble crumpled paper and usually lack appendices. In addition, S. hookeriana has elliptic pinnules with herbaceous texture whereas S. papyrus has more lanceolate chartaceous pinnules. Lehtonen, G.G.Cárdenas & Tuomis- to, sp. nov. - Fig. 3b, 6 ; Map1
Salpichlaena hybrida
Intermediate between S. hookeriana and S. volubilis subsp. amazonica. Differs from the former by lack of foliar buds, presence of laminar tissue in fertile pinnae and larger pinnae in the non-climbing fronds; and from the latter by the herbaceous texture of the lamina and thin rather than cartilaginous pinna/pinnule margin. Etymology. The specific epithet refers to the postulated hybrid origin of the species.
Climbing and non-climbing fronds with herbaceous lamina texture, pinnae and pinnule margins not cartilaginous (to slightly cartilaginous); scales on abaxial axes lanceolate with long appendices sometimes divided and bifurcate, some stick-like scales formed by a long apical row of cells and usually two shorter basal lateral cells; stomata rarely on white laminal protuberances. Non-climbing 1-pinnate fronds 62 -151 cm. Pinnae up to 4 pairs; apical one elliptic (oblanceolate), 22.6 -46 by 6.4 -8 cm; lateral ones oblanceolate, 22.7-35 by 6 -7.2 cm; apex acuminate (caudate), with entire (slightly serrate) margin; base obtuse, acute. Climbing fronds with dimorphic pinnae. Pinnules opposite to subopposite. Fertile pinnules in up to 6 pairs; apical one elliptic, lanceolate, slightly oblanceolate, 20 by 4.1 cm, apex caudate, entire, base acute, oblique up to 0.1 cm; lateral ones elliptic (oblanceolate), 19.5 by 4.1 cm, apex caudate, entire, base obtuse, slightly oblique. Sterile pinnules in 2 -4 pairs; apical one elliptic, slightly oblanceolate,13 -20 by 3.8 -6.6 cm, apex acuminate (caudate), entire to slightly serrate, base acute, slightly oblique; lateral ones oblanceolate, 9.5-15.8 by 2.9 cm, apex acuminate, caudate, entire, base obtuse, equilateral to oblique; petiolulate, rarely sessile or winged.
Distribution -Salpichlaena hybrida occurs in northern Brazil (Roraima), French Guiana and Suriname.
Habitat & Ecology -Terra firme rain forest, on white sand and poorly drained soil, close to creeks and paths. Altitude 0 -130 m. Notes -The climbing sterile pinnae are elliptic and similar in appearance to those of S. hookeriana, but the pinnule apices are entire instead of serrate. Non-climbing fronds are similar to those of S. volubilis subsp. amazonica in having large pinnae, but in S. hybrida they have herbaceous texture and lack the cartilaginous margin. Salpichlaena hybrida can be differentiated from S. papyrus by the entire pinnule apices and by the scales similar to those in S. hookeriana in contrast to the scales of S. papyrus resembling crumpled paper. Salpichlaena hybrida differs from S. volubilis subsp. volubilis by shorter and broader pinnules, and from S. volubilis subsp. crenata by shorter pinnules and by thinner lamina texture. We did not have physical access to fertile specimens of S. hybrida and the description of the fertile state is based on a few morphologically identified specimens seen as digital images. Hence, we do not have molecular support for the identification of the fertile specimens. Among the specimens seen, Raynal A & Tirel C 18572 (P01326148) can be considered most typical as it clearly shows mixed characters of the presumed parental taxa. Etymology. The specific epithet refers to the scales, which have the distinctive appeareance of crumpled paper.
Additional specimens seen (paratypes)
Climbing and non-climbing fronds with herbaceous, chartaceous (to coriaceous) lamina texture, pinnae and pinnule margins not cartilaginous (to slightly cartilaginous); scales on abaxial axes formless resembling crumpled paper or ovate with no appendices or only short ones (1-3 cells); stomata often on white protuberances of the lamina. Non-climbing entire fronds up to 32 by 3 cm. Non-climbing 1-pinnate fronds 20-80 cm. Pinnae up to 9 pairs, apical one lanceolate (elliptic), 11.2-22.2 by 2-2.7 cm; lateral ones lanceolate, parallel-sided (elliptic), 6.3-19.2 by 1.5 -2.8 cm; basal ones rarely pinnate; apex acuminate (attenuate), with serrate margin; base obtuse. Climbing fronds with pinnae almost monomorphic, although fertile pinnae usually narrower than sterile. Pinnules subopposite to opposite (alternate). Fertile pinnules in 2-11 pairs; apical one lanceolate, lanceolate-elliptic, elliptic-lanceolate (falcate), 12-27.7 by 0.8-2.1 cm, apex attenuate, serrate margin (to entire), base obtuse, cuneate, equilateral to oblique; lateral ones lanceolate, elliptic, elliptic-lanceolate, parallel-sided (falcate), 12.6-22.7 by 0.6-1.8 cm, apex attenuate, long-attenuate, acuminate, caudate or serrate, base obtuse, equilateral to slightly oblique. Sterile pinnules in 3-10 pairs; apical one lanceolate, parallel-sided (elliptic), 10.7-24.5 by 0.9-3.7 cm, apex attenuate, acuminate, serrate margin, base round, acute, equilateral to oblique; lateral ones lanceolate, parallel-sided (elliptic), 9.6-20.4 by 1.8-3.3 cm, apex acuminate, attenuate (caudate), serrate margin, base obtuse (acute), equilateral to oblique; petiolulate, sessile, rarely winged. Foliar buds rarely present at the base of pinnules.
Distribution -Salpichlaena papyrus occurs in Central America in Costa Rica, Nicaragua and Panama, and in South America in Bolivia, Brazil, Colombia, Ecuador, French Guiana, Guyana, Paraguay, Peru and Venezuela.
Habitat & Ecology -In primary rain forests on variable topographies on relatively well-illuminated sites near paths, tree fall gaps, streams, cliffs and ravines, also along forest borders and in disturbed forests. Reported from clayey to loamy soils. Altitude 50 -1830 m.
Additional specimens seen (paratypes). Bolivia, Beni, Ballivián, al sud de la Misión Fatima, 950 m, 24 May 1988, Beck G, et al. 16372 (F) Notes -Salpichlaena papyrus shares the serrate pinnule apices with S. hookeriana, but can be differentiated from it in any ontogenetical state by the scales that are formless and resembling crumpled paper, and in the fertile state by the presence of laminar tissue in the fertile pinnules. Furthermore, the usually higher number of pinnules, more lanceolate pinnule shape and more chartaceous texture of lamina are distinguishing characters.
The scales in S. papyrus are unlike those in any other species with an appearance of crumpled paper without clear shape (more often on the costa), or ovate with no appendices or only small ones (1 or 2 cells) (more often on the rachis and petiolule). Specimens with ovate scales and longer appendices have been observed in Peru, Bolivia and South-East Brazil. Scales on the rachises and petiolules are often big enough to be easily observed by the naked eye.
The serrate pinnule apices of S. papyrus are usually distinctive enough to allow differentiating it from S. volubilis and S. hybrida. However, the serration is less clear in fertile pinnules, which also have thicker lamina texture and more tendency towards a cartilaginous margin than the sterile pinnules do. Therefore, material consisting only of fertile pinnae can be difficult to identify to species, especially if the fronds are already so old that the scales have been eroded. Foliar buds exist but are very rare in S. papyrus: out of the more than 300 specimens we studied, only two had foliar buds (Øllgaard 105457 AAU and Holm-Nielsen et al. 25341 , AAU, both from Ecuador). This contrasts with S. hookeriana, where foliar buds are very common. The non-climbing fronds in S. papyrus are sometimes 2-pinnate, a character that we have not observed in any other taxa. Salpichlaena papyrus and S. volubilis subsp. thalassica are the only Salpichlaena taxa occuring in Central America and along the western side of the Andes, where they are broadly sympatric. The non-climbing fronds of S. papyrus usually are smaller and have higher number of pinnae than S. volubilis subsp. thalassica.
4.
Salpichlaena volubilis (Kaulf.) J.Sm. -Fig. 3d -g, 8 -11 Etymology. The specific epithet refers to the twining petioles and rachises.
Climbing and non-climbing fronds with herbaceous to coriaceous lamina texture, pinnae and pinnule margins with or without cartilaginous margin; scales on abaxial axes either stick-like (formed by a long apical row of cells and usually two lateral smaller rows of cells) or lanceolate with small or large body of cells and always with long appendices; stomata located on small white laminal protuberances or not. Non-climbing entire fronds up to 53 by 6.8 cm. Non-climbing 1-pinnate fronds 45 -135 cm. Pinnae up to 6 pairs; apical one lanceolate, elliptic, 16.3 -45.5 by 2 -9.5 cm; lateral ones lanceolate, elliptic, parallel-sided, oblanceolate, 18 -32.2 by 1.7-7.7 cm; apex acuminate, attenuate, cuspidate, entire, entire with few small teeth on the cartilaginous margin, crenate; base obtuse, acute. Climbing fronds with pinnae slightly dimorphic, fertile pinnae generally narrower than sterile. Pinnules opposite to alternate; in 1-7 pairs, lanceolate, elliptic, oblanceolate, parallel-sided; petiolulate, sessile (winged); apex acuminate, attenuate, caudate (apiculate, cuneate, cuspidate, falcate), entire, almost entire with few small teeth (sometimes serration-like) on the cartilaginous margin, slightly crenate, slightly serrate, base obtuse, cuneate, acute, attenuate, equilateral to oblique. Distribution -Salpichlaena volubilis is widely distributed, occurring from Central America to the Lesser Antilles and southern Brazil. Each of the four subspecies has a different distribution. Salpichlaena volubilis subsp. amazonica occurs in Western Amazonia, along the eastern slopes of the Andes and in French Guiana; S. volubilis subsp. crenata occurs in the Lesser Antilles and in the northern part of South America; S. volubilis subsp. thalassica occurs in Central America and along the western side of the Andes in northeastern South America and S. volubilis subsp. volubilis occurs in the Atlantic rain forest of southeastern Brazil.
Notes -Apices of frond, pinna and pinnule of S. volubilis are entire, crenate to only slightly serrate, which differentiates it from S. hookeriana and S. papyrus, whose apices are obviously serrate. Most subspecies of S. volubilis differ from S. hybrida by their more chartaceous-coriaceous lamina texture and the presence of a cartilaginous margin. Only S. volubilis subsp. volubilis has equally herbaceous texture and non-cartilaginous margin, but it differs from S. hybrida by having lanceolate rather than elliptic pinnules. Distinguishing characters to identify S. volubilis subspecies are in Table 4 .
We have been unable to locate any of the original material of Blechnum volubile collected by Von Chamisso. The type specimen was not found in LE where Von Chamisso's collection is kept. Therefore, we designate here a neotype for Blechnum volubile. We have chosen a specimen collected close to Santa Catarina Island, because according to Von Chamisso's diary (Von Chamisso 1821) this is the most probable place from where he could have collected the original material. Our results suggest that only one Salpichlaena taxon occurs in the Brazilian Atlantic Forest, and the name S. volubilis should be applied to this taxon.
Two different sources have received credit for the first publication of the name Salpichlaena volubilis, 'The Journal of Botany vol. 4', and 'Genera Filicum', both by Hooker. 'The Journal of Botany' has priority. It was published in 1841, whereas 'Genera Filicum' was probably published in 1842 (Stafleu & Cowan 1979) . a. subsp. volubilis - Fig. 3g, 4a, 8 ; Map 1 Climbing and non-climbing fronds with herbaceous to chartaceous lamina texture, pinnae and pinnule margins not cartilaginous, or sometimes slightly cartilaginous in fertile specimens; scales on abaxial axes lanceolate and ovate with long appendices, sometimes stick-like; stomata not on white laminal protuberances. Non-climbing entire fronds up to 33 by 2.3 cm. Non-climbing 1-pinnate fronds 45 -101 cm. Pinnae up to 6 pairs; apical one lanceolate, elliptic, 16.3-25.5 by 2-3.5 cm; lateral ones lanceolate (elliptic), 11.3-27.5 by 1.7-3.5 cm; apex acuminate, with entire margin; base obtuse. Climbing fronds with pinnules subopposite to opposite. Fertile pinnules in 3-7 pairs; apical one lanceolate, oblanceolate, elliptic, 12.9-18.2 by 0.75-1.8 cm, apex acuminate, attenuate (round or fan-shaped tip caused by the apical division of the main vein), entire, base ', 0 -10 m, 14 Feb. 2008, Christenhusz MJM et al. 4774 (TUR) ; Pernambuco, Jaqueira, Usina Colônia (Serra do Quengo), S8°42'50.4" W35°50'25.8", 713 m, 3 Apr. 2002, Lopes M & Pietrobom MRS 550 (HUEFS, INPA) ; Rio de Janeiro, Miers 177 (K); Santa Catarina, Guabiruba, Aymoré, S27°05'24" W49°02'58", 256 m, 28 Oct. 2009 , Stival-Santos A et al. 1123 ; Jaraguá do Sul, along the road to Campo Allegre, near Rio Itapocuzinho, S26°21' W49°8', 140 m, 10 Feb. 2008, Christenhusz MJM et al. 4743 (TUR) ; São Paulo, Parque Estadual das Fontes do Ipiranga, trail near the border of the zoo, S23°39' W46°37 ', 800 m, 19 Feb. 2008, Christenhusz MJM et al. 4800 (NY, TUR) Note -Salpichlaena volubilis subsp. volubilis differs from the other subspecies by its narrow pinnules with herbaceous (to chartaceous) lamina texture and non-cartilaginous to only slightly cartilaginous margin. Some specimens of subsp. crenata with nearly entire pinnule apices and lanceolate pinnules approach subsp. volubilis and cannot be reliably identified. We place the specimens from the Atlantic rain forest to subsp. volubilis and the specimens from eastern Amazonia, the Caribbean and Guyanas to subsp. crenata, but the distinction in morphology is diffuse and the amount of genetic variation within subsp. crenata is high. Etymology. The name refers to the geographical distribution of the subspecies in Amazonia.
Climbing and non-climbing fronds with chartaceous to coriaceous lamina texture, pinnae and pinnule margins clearly cartilaginous; scales on abaxial axes stick-like, formed by a long apical row of cells and usually two lateral smaller rows of cells, and sometimes also lanceolate scales with long appendices; stomata not (or very rarely) on white laminal protuberances. Non-climbing entire fronds up to 53 by 6.8 cm. Non-climbing 1-pinnate fronds Notes -In general appearance, S. volubilis subsp. amazonica is similar to subsp. thalassica and non-climbing fronds can be confused with S. hybrida. However, usually subsp. amazonica can be distinguished from subsp. thalassica by the uniform appearance of the abaxial lamina in contrast to the typical white protuberances of the lamina associated with stomata in subsp. thalassica. The chartaceous-coriaceous lamina texture and cartilaginous pinnule margins distinguish subsp. amazonica from S. hybrida and also from subsp. volubilis, both of which have herbaceous texture and non-cartilaginous (or only slightly cartilaginous) margins. It is more difficult to separate subsp. amazonica from subsp. crenata because their characters sometimes overlap. In subsp. amazonica, the pinnule apices are entire or have small teeth that do not cut into the lamina, in contrast to subsp. crenata whose pinnule apices are usually crenate (sometimes slightly serrated or entire). Subsp. amazonica has wider pinnules, more chartaceous-herbaceous texture, and an obvious cartilaginous margin that is absent or not so obvious in subsp. crenata.
In the northern Andes, S. volubilis subsp. amazonica and subsp. thalassica are difficult to separate on morphological grounds. The distribution of our sequenced specimens suggests that S. volubilis subsp. amazonica is restricted to the eastern side of the Andes, whereas subsp. thalassica occurs only on the western side. Note -Most specimens of S. volubilis subsp. crenata differ from all the other subspecies by the crenate to slightly dentateserrate apices on sterile pinnules. When only slightly serrate (or practically entire), subsp. crenata may be confused with subsp. amazonica or subsp. thalassica, but the serrations in the latter two are, when present, merely small teeth in the cartilaginous border and they do not cut into the lamina, as they do in subsp. crenata. Fertile pinnules of subsp. crenata may have entire apices, and then they can be confused with fertile pinnae of the other subspecies of S. volubilis. Etymology. The name refers to the bluish green colour of the fronds observed in the field.
Climbing and non-climbing fronds with chartaceous, herbaceous, coriaceous lamina texture, pinnae and pinnule margins cartilaginous; scales on abaxial axes stick-like formed by a long apical row of cells and usually two lateral smaller rows of cells and sometimes lanceolate scales with long appendices; stomata on white laminal protuberances. Non-climbing entire fronds up to 45 by 5 cm. Non-climbing 1-pinnate fronds 66-128 cm. Pinnae up to 4 pairs; apical one elliptic, lanceolate, 25 -42 by 5.3 -6.3 cm; lateral ones elliptic, parallel-sided, 18 -32.2 by 3.7-5.5 cm; apex acuminate, attenuate, with entire margin; base obtuse. Climbing fronds with pinnules subopposite to opposite (alternate). Fertile pinnules in 1-5 pairs; apical one elliptic, lanceolate, parallel-sided, 18.2-30.2 by 1.1-3.1 cm, apex acuminate, attenuate (falcate), entire (slightly serrate), base cuneate, obtuse, acute, equilateral to strongly oblique; lateral ones elliptic (lanceolate, parallel-sided, falcate), 13.2 -27.9 by 0.9 -2.65 cm, apex acuminate, attenuate, or sometimes with a round, divided or fan-shaped tip caused by the apical division of the main vein, entire or with few small teeth (sometimes serration-like) on the cartilaginous border, base acute, obtuse, slightly oblique. Sterile pinnules in 1-6 pairs; apical one elliptic, lanceolate, (parallel-sided), 23 -34.4 by 2.2 -7.7 cm, apex acuminate, attenuate (cuspidate), entire, slightly serrate, base acute (lobate) equilateral to strongly oblique; lateral ones elliptic (lanceolate, parallel-sided), 17.3 -27.7 by 2.4 -6.9 cm; apex acuminate, attenuate (cuspidate, cuneate), entire or with few small teeth (sometimes serration-like) on the cartilaginous border; base obtuse, acute, entire to oblique; petiolulate, sessile (winged).
Distribution -Salpichlaena volubilis subsp. thalassica occurs in Central America and on the western side of the Andes in northeastern South America; Colombia, Costa Rica, Ecuador, Nicaragua, Panama.
Habitat & Ecology -Near stream valleys. On hills, mid-slope and flat terrain. Altitude 25 -2400 m.
Notes -Salpichlaena volubilis subsp. thalassica shares with subsp. amazonica the chartaceous-coriaceous texture, cartilaginous margin, and the entire pinnule apices, which sometimes can have a few small teeth. However, the appearance of the abaxial lamina sets subsp. thalassica apart from subsp. amazonica. In subsp. thalassica, the stomata are usually located on the top of small whitish laminal protuberances, which can be so conspicuous that they are visible to the naked eye as small white spots on the abaxial side of the lamina. In contrast, the epidermal surface of subsp. amazonica generally lacks the white protuberances altogether, but sometimes they may irregularly occur close to the lamina borders. Subsp. thalassica differs from subsp. volubilis and subsp. crenata by the presence of cartilaginous pinna margin and thicker lamina texture.
The paratype Hampshire & Whitefoord 370 (BM) does not belong to S. volubilis subsp. thalassica but instead represents S. papyrus.
NAMES EXCLUDED FROM SALPICHLAENA
The following names do not belong to Salpichlaena (Perrie et al. 2014 , De Gasper et al. 2016 , Hassler 2018 
